Abstract The aim of the study was a detail evaluation of genetic diversity among the lactic acid bacteria (LAB) strains having an advantage of a starter culture in order to select genotypically diverse strains with enhanced antimicrobial effect on some harmfull and pathogenic microorganisms. Antimicrobial activity of LAB was performed by the agar well diffusion method and was examined against the reference strains and foodborne isolates of Bacillus cereus, Listeria monocytogenes, Escherichia coli, Staphylococcus aureus and Salmonella Typhimurium. Antifungal activity was tested against the foodborne isolates of Candida parapsilosis, Debaromyces hansenii, Kluyveromyces marxianus, Pichia guilliermondii, Yarowia lipolytica, Aspergillus brasiliensis, Aspergillus versicolor, Cladosporium herbarum, Penicillium chrysogenum and Scopulariopsis brevicaulis.
Introduction
Lactic acid bacteria (LAB) are represented by the huge number of widely distributed bacterial species. They were detected on plants, in different soils, animal and human guts. Such variety of ecological niches is favored by their ability to outcompete the other microorganisms. Antibacterial or antifungal activity of LAB had been intensively described in many studies. Several of them examined an antagonistic effect of LAB against both bacterial and fungal indicator species.
Cakir (2010) tested antibacterial activity against different bacteria species (Kocuria rhizophila, Staphylococcus aureus, Listeria monocytogenes, Proteus mirabilis, Escherichia coli, Salmonella enteritidis) and 20 yeast strains. After isolation of 21 wild LAB strain from naturally fermented herbs, 18 of them showed antibacterial activity against the tested bacteria and none of them had an antifungal activity against yeast cultures. Smaoui et al. (2010) characterized nine strains from the collection of 54 LAB isolates (isolated from meat, fermented vegetables and dairy products) by the broadspectrum inhibition against Lactobacillus casei, Listeria ivanovii, Salmonella enterica, Fusarium spp. and Candida tropicalis. Strains of Enterococcus and Weissella spp. tested by Fhoula et al. (2013) demonstrated strong activity against Stenotrophomonas maltophilia, Pantoea agglomerans, Pseudomonas savastanoi, Staphylococcus aureus, Listeria monocytogenes, Penicillium expansum, Verticillium dahliae and Aspergillus brasiliensis. Yang et al. (2012) studied 138 LAB isolates and identified 28 strains belonging to Enterococcus faecium, Streptococcus thermophilus, Lactobacillus casei and Lactobacillus sakei subsp. sakei, that produced bacteriocins. Out of selected 28 strains, eight were tested for the substances against Listeria innocua, Escherichia coli, Bacillus cereus, Pseudomonas fluorescens, Erwinia ca roto vo ra , L eu co no sto c me se nte roid es subsp . mesenteroides, Penicillium expansum, Botrytis cinerea and Monilinia frucicola. Nine LAB strains out of 94 studied expressed a broad spectrum of activity against gram-positive and gram-negative bacteria (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, Salmonella gallinarum), moulds (Aspergillus, Fusarium, Penicillium genera) and yeasts (Rhodotorula, Candida spp.) (Stoyanova et al. 2010) . That study also showed that selected lactococci could prevent contamination of raw smoked sausages by the foodborne pathogens. Thus, the above mentioned studies illustrate that only a limited number of LAB strains possessing enhanced antibacterial activity inhibited the growth of fungi as well. However, the detailed genetic background of LAB strains had not been examined in the above mentioned studies.
The genetic analysis had been done in the other studies. REP-1R-D and REP-2R-D primers were used to assess genetic diversity, combined with the examining of LAB antimicrobial activity (Valerio et al. 2009 ). These primers were not very informative, therefore, we applied the polytrinucleotide (GTG) 5 as a primer because (GTG) 5 had been previously reported as a suitable tool for rapid and reliable specification of LAB (Gevers et al. 2001) .
Our study was aimed at finding out the impact of genetic diversity on antibacterial and antifungal activity of LAB strains that possess technological advantages in use as a starter culture. The comprehensive knowledge on the impact of LAB genetic background on their antagonistic effect could enhance the degree of exploiting novel strains in biopreservation. Because of the practical significance, we have tested activity of LAB against the harmful microorganisms, present in various food products. For LAB used as starter cultures, it is important to confront many species of the undesirable microorganisms for obtaining highly qualified and controlled fermentation process. This would ensure the proper taste and extend the shelf-life of the products.
Materials and methods
Lactic acid bacterial strains and culture conditions A group of 40 phenotypically characterized strains from the Food Institute's (Kaunas University of Technology) collection were selected for this study because of their advantages in using as starter cultures. All LAB strains were stored at −72°C in "Microbank"system (Pro-Lab Diagnostic, UK). Selected strains were revived for 24 h in the sterilised milk under the temperature optimal for studied species (Table 1) .
(GTG) 5 -PCR fingerprinting Total genomic DNA was extracted from LAB cell culture (CC) and Bacillus cereus cultures after incubating them for 24 h in the brain-heart infusion broth (BHI, Oxoid, UK) under the optimal for each species temperature. DNA was extracted from 1 mL of the broth centrifuged at 900 rpm for 15 min following the automated sample processing with QIAcube instrument using a QIAamp stool DNA mini kit (Qiagen, Germany) according to manufacturer's recommendations. DNA samples were quantified using a Thermo Scientific NanoDrop 2000 spectrophotometer and stored at −20°C until further analyses.
The repetitive sequence based polymerase chain reaction (rep-PCR) fingerprinting was accomplished using (GTG) 5 primer (5'-GTG GTG GTG GTG GTG-3'). The reaction mixture consisted of 8 μL of PCR grade water, 2.5 μL of 10×reaction buffer without MgCl 2 , 5 μL of MgCl 2 (25 mM), 0.5 μL of dimethyl sulfoxide (DMSO; Sigma-Aldrich, USA), 1 μL of dNTP mix (10 mM each), 2 μL of (GTG) 5 primer (10 pmol μ/L), 1 μL of 5 U/μL recombinant Taq DNA polymerase (Thermo Fisher Scientific Baltic) and 5 μL of bacterial DNA adjusted to 10 ng/μL. The reaction conditions were as follows: initial denaturation at 94°C for 5 min; 35 cycles at 94°C for 1 min, 50°C for 1 min and 72°C for 1 min. Final extension step was made at 72°C for 10 min. PCR amplifications were performed using an Eppendorf Mastercycler 5330 Plus PCR thermal cycler (Eppendorf, Germany). PCR reactions, prepared with Lactobacillus helveticus 305 and Lactobacillus plantarum 1 strains, were twice repeated in order to check the repeatability of rep-PCR fingerprints. The obtained PCR products were twice loaded on two different gels. The differences in band intensity only were noticed.
The amplified products were analyzed by agarose gel electrophoresis (1.5 %) in 1×TBE at 10 V/cm. For better resolution of the small rep-PCR products, they were additionally loaded on the 5 % polyacrilamide gel. DNA markers GeneRuler 100bp DNA Ladder Plius and pUC Mix 8 (both Thermo Fisher Scientific Baltic) were run along with the samples on the gel during electrophoresis. After electrophoresis, PCR products were stained with ethidium bromide (10mg/ml) and scanned using FLA-5000 laser-based imaging system. Bands obtained by rep-PCR were scored manually. The results exposed by both agarose and polyacrilamyde gels were analyzed. Resulted banding patterns of the gels were subjected to the numerical analysis by cluster analysis performed with an on-line software http://genomes.urv.cat/ UPGMA/ (Garcia-Vallve and Palau 1999). The dendrogram was generated by unweighted pair group method with arithmetic average (UPGMA) based on Jaccard's genetic coefficient.
Sampling, isolation and identification of bacterial and fungal isolates
The foodborne isolates and reference strains of each bacterial species were used in screening. The reference strains used were: Bacillus cereus ATCC 11778, Listeria monocytogenes ATCC 19111, Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, and Salmonella Typhimurium ATCC 13076. Antifungal activities against the foodborne yeasts ( Ca ndida pa rapsilosis, Deb aromyces hansenii, Kluyveromyces marxianus, Pichia guilliermondii, Yarowia lipolytica), reference strain Candida albicans ATCC 10231, the foodborne micromycetes (Aspergillus brasiliensis, Aspergillus versicolor, Cladosporium herbarum, Penicillium chrysogenum, Scopulariopsis brevicaulis) and reference strain Aspergillus brasiliensis ATCC 16404 were tested in this experiment. Reference strains were obtained from the collection of microorganisms of KTU Food institute while sources of the all foodborne isolates are listed in Table 2 . Foodborne isolates of B. cereus were characterized by pyrosequencing. PCR reaction and pyrosequencing of the obtained PCR amplicons were performed with 3B Blacklight sepsis bacterial kit (3B Blackbio Biotech Ltd., India) according to the manufacturer's recommendations. PCR conditions were as follows: initial denaturation at 94°C for 5 min; 35 cycles at 94°C for 20 s, 54°C for 20 s, 72°C for 30 s. Final extension step was made at 72°C for 5 min. PCR products were stored at −20°C until further analyses. Pyrosequencing was performed on the PyroMark Q24 automatic pyrosequencing instrument (Qiagen, Germany) using Gold24 (Qiagen, Germany) kit. Nucleotide sequence analysis was performed using the PyroMark Q24 software and Basic Local Alignment Search Tool from the National Center for Biotechnology Information (NCBI BLAST; http://www. ncbi.nlm.nih.gov/blast/Blast.cgi). Enterotoxins, produced by B. cereus, were detected using the BCET-RPLA (Oxoid, UK) commercial immunoassay kit. B. cereus isolates producing enterotoxins were used for further testing.
Yeasts and micromycetes were isolated from food raw material according to the previously described methods (Kurtzman et al. 2011; Samson et al. 2000) . Yeasts were identified following Kurtzman et al. (2011) and Barnet et al. (2000) . Micromycetes were identified conventionally according to their macroscopic and microscopic features. Manuals of Domsch et al. (1980) , Watanabe (2002) and Pitt (2007) were used. All isolates of bacteria, yeast and micromycetes were maintained on Plate Count Agar (PCA, Liofilchem, Italy) slants at 4°C as pure cultures.
Agar well diffusion assay
For determining antibacterial activity, 1 mL of LAB (in sterile milk) was added to 10 mL of MRS broth (Oxoid, UK) and incubated for 48 h under the optimal temperature (Table 1) . Cell-free supernatants (CFS) were obtained, removing cells by centrifugation at 6000 rpm for 15 min. Then supernatant was filtered through 0.2 μm pore filter. The part of the CFS was used for the antimicrobial/antifungal assays, the other part was neutralized with NaOH to pH 6.5. The detected antimicrobial activity of cell-free neutralisate (CFN) was tested also after adding catalase (Sigma-Aldrich, USA) at concentration 20 mg/ mL to CFN and incubating at 25°C for 30 min.
The foodborne and reference bacterial strains were cultivated on PCA slants for 18 h under the optimal temperature (Table 2 ). Then each bacterial culture was washed with sterile physiological solution and a density of the cell suspension was adjusted according to McFarland Standard No. 0.5 (corresponding to 1.5×10 8 cfu/mL). One millilitre of bacterial cell suspension was added to 100 mL of the melted PCA cooled to 45°C. Then 10 mL of the mixture was poured into a Petri dish. Isolated yeast and micromycete cultures were cultivated for 48 h at 25°C on Sabouraud Dextrose Agar (SDA, Liofilchem, Italy) or Malt Extract Agar (MEA, Liofilchem, Italy) slants. Inoculums of 1.0×10 6 cfu/mL were prepared. One millilitre of the tested culture was added to 100 mL of the melted SDA or MEA cooled to 45°C. Then 10 mL of the mixture was poured into a Petri dish. Fifty microlitres of LAB cell culture (CC), CFS or CFN were placed into wells of 7.5 mm diameter made in the solidified agar. An antibacterial activity was assessed following 24 h of incubation at 30°C or 37°C. An antifungal activity was determined following 48 h of incubation at 25°C. It was quantified by measuring in millimetre diameter around the wells formed by a zone of inhibition (ZOI). All experiments were performed in triplicate and the results displayed as the mean values.
Results and discussion

PCR fingerprinting
Genotypic analysis by (GTG) 5 -PCR fingerprinting generated a total of yielding 93 bands with size ranging from 290 to 4200 bp. Two strains (Lb. acidophilus L 59-30 and Lb. delbrueckii subsp. bulgaricus 14), the ones among exposing the highest levels of antibacterial and antifungal activity, failed to generate PCR products even after repeated PCR reactions for three times with standard 50 ng of chromosomal DNA, twice diluted or 3 and 5 times concentrated chromosomal DNA used per reaction. Number of bands generated by other strains ranged from 6 to 25 with an average of 11 bands per sample. (GTG) 5 -PCR fingerprinting technique generated highly discriminatory profiles and revealed high genotypic heterogeneity among the studied strains (Fig. 1 ).
In the other study, REP-1R-D and REP-2R-D primers scored 39 diverse polymorphic bands and generated 17 different patterns (Valerio et al. 2009 ). However, no clear influence of genetic relatedness on antifungal activity against Aspergillus brasiliensis, Penicillium roqueforti, Endomyces fibuliger and production of the organic acids or pH had been revealed. On the contrary, the polytrinucleotide (GTG) 5 , which we applied in our research, was efficient in the studies of molecular typing, species identification of Lactobacillus (Scheirlinck et al. 2007; Svec et al. 2009 ), Lactococcus (Prodelalova et al. 2005 Rademaker et al. 2007; and Streptococcus . It allowed identification of many, but not all, isolates of Lactobacillus species isolated from the cervix of healthy women (Svec et al. 2011) .
In our study, numerical analysis grouped all the studied strains into separate clusters according to their respective taxonomic designations. Lactococcus (L.) lactis spp. formed one big cluster which was further subdivided into three subclusters of different subspecies (L. lactis subsp. 
Antibacterial activity of LAB
Our study showed that the tested LAB strains exposed antibacterial activity against all reference strains (Table 3 ) and foodborne isolates (Table 4) of B. cereus, S. Typhimurium, L. monocytogenes, E. coli and S. aureus. In many cases, activity against reference strains was slightly higher than the activity against the foodborne isolate of the same species. In Tables 3  and 4 it is evident that antibacterial activity among CC and CFS of LAB against gram-positive bacteria was much more diverse (ZOI ranged from 0 to 31 mm) than against grampositive bacteria (ZOI ranged from 9 to 21 mm). Antibacterial activity against gram-negative bacteria, in the contrary to the gram-positive bacteria, was not possessed by all examined strains (Table 3) . Comparing the highest antibacterial activity among LAB strains, Lb. plantarum and Lb. helveticus 305 demonstrated the highest activity against E. coli foodborne isolate (ZOI reached 19 mm for CC and 18 mm for CFS) and against S. Typhimurium foodborne isolate (ZOI reached 20 mm for CC and 19 mm -for CFS), respectively. Lactobacillus spp., thus, being able to inhibit the adhesion of E. coli and S. Typhimurium and to induce the secretion of antiinflammatory cytokines, showed their practical advantage (Petros et al. 2006) .
Following the results of immunological BCET-RPLA test we found that 5 out of 10 analyzed B. cereus cultures, identified using the genetic pyrosequencing method, produced diarrheal toxins. This finding indicates that inhibition of B. cereus growth in food products was important for health care. Antibacterial effect against B. cereus was not induced by all tested Streptococcus thermophilus and 2 Lactococcus lactis strains. High ZOI of CFS (exceeding 15 mm) was characteristic to 15 LAB strains. The highest activity against B. cereus foodborne isolate was demonstrated by Lb. acidophilus LM1 (ZOI reached 25 mm for CC and 24 mmfor CFS). These results are in accordance with the other reports on Bacillus spp. inhibited by LAB isolated from the bread products (Suomalainen and Mayra-Makinen 1999) , milk (Rossland et al. 2003) , and fermented cheese (NeyrizNagadehi et al. 2012; Rukure and Bester 2001) .
The highest activity against L. monocytogenes and S. aureus was demonstrated by Lb. acidophilus 336. Its activity against L. monocytogenes ATCC 19111 reached 31 mm for CC, ZOI against the foodborne isolate was 30 mm for CC and 27 mm for CFS, respectively (Tables 3, 4) . Lb. acidophilus 336 showed the highest ZOI against S. aureus foodborne isolate of 26 mm for CC and maintained ZOI of 25 mm in all other tests. Our finding that LAB showed antibacterial activity against L. monocytogenes is in a close agreement to the previously reported results (Sip et al. 2012; Tadesse et al. 2008; Todorov 2008) .
LAB supernatant with pH 3.7-4.5 showed the highest antibacterial activity (ZOI ranged from 12 mm to 30 mm), CFS with pH 4.6-5.4 showed lower ZOI (from 9 mm to 21 mm). Analyzing the results of CFN, antibacterial activity in most of cases was lost. Comparing the results of CFN and CC/CFS, it is evident that antibacterial activity in most of cases was lower (Table 4) . CFN of LAB did not inhibit growth of S. Typhimurium and B. cereus. However, antibacterial activity of CFN against E. coli was lost after treatment with catalase. Catalase-treated CFN was able to inhibit the growth of L. monocytogenes (Tables 3 and 4) . Antibacterial activity of CFN after treatment with catalase was possessed by Lb. brevis 43 (ZOI 25 mm and 13 mm for reference and foodborne isolates, respectively), Lb. reuteri 3, 7 (ZOI 25 mm and 20 mm for reference and foodborne isolates, respectively), Lb. acidophilus L 59-30 7 (ZOI 16 mm for the both reference and foodborne isolates) and Lb. acidophilus L 41-2B 2v (ZOI 16 mm and 13 mm for reference and foodborne isolates, respectively). So these strains were selected for further investigation in the role of biopreservatives for fresh fruits and vegetables, since f r u i t s a n d v e g e t a b l e s c a n h a r b o r p a t h o g e n i c L. monocytogenes, capable to survive at refrigeration temperatures (Vescovo et al. 2006) . Thus, the same LAB strain was identified as possessing the highest antibacterial activity against both reference strains and foodborne isolates of the same gram-positive bacteria species (B. cereus, L. monocytogenes and S. aureus). Different LAB strains appeared to be the best inhibitors against gram- Strains selected for the future studies are marked by bold font and listed in the text -strains of L. acidophilus L 59-30 and L. delbrueckii subsp. bulgaricus 14 which failed in obtaining PCR product. // -ZOI of cell-free neutralisate, mm (if showed), /// -ZOI of cell-free neutralisate after the treatment with catalase, mm (if showed) negative E. coli and S. Typhimurium reference strains as well as foodborne isolates.
Antifungal activity of LAB
The antifungal activity was induced by a lower number of the tested LAB strains than the antibacterial one (Table 5) . The ZOI for all fungal isolates ranged from 11 mm to 30 mm for CC and from 11 mm to 36 mm for CFS, if present. The growth of C. herbarum, S. brevicaulis and P. chrysogenum was inhibited by 44 %, 42 % and 28 % of the tested LAB strains, respectively.
No L. lactis subsp. cremoris strains revealed antifungal activity, LAB strains representing L. lactis subsp. lactis, Lb. casei and Lb. helveticus showed no activity against P. chrysogenic, and no Streptococcus thermophillus was antagonistic to S. brevicaulis. As reported by Magnusson et al. (2003) , low amount of LAB strains displayed fungicidal effect against Aspergilus spp. and yeasts (Table 5 ). 12 % of the CFS showed antifungal activity against A. brasiliensis. CFS induced more intense suppression of A. brasiliensis than CC. The opposite effect was observed against A. versicolor. The less inhibitory activity of CC could be observed due to a lower concentration of active compounds in the test material which (Gerez et al. 2009 ). Our study also revealed good ability of Lb. brevis and both Lb. reuteri strains to inhibit growth of C. herbarum, S. brevicaulis, and P. chrysogenum. They were not indicating antifungal activity against Aspergilus spp. and yeasts. Just few LAB strains possessed activity against yeast. We detected no inhibition of Candida parapsilosis, Kluyveromyces marxianus and Pichia guilliermondii by LAB. Limitations to inhibit certain yeast species were faced in other studies as well (Cakir 2010; Magnusson et al. 2003) . In spite of that, some Lactobacillus strains were found to be able to suppress Candida spp, S. cerevisiae, K. Marxianus and C. parapsilosis (Cizeikiene et al. 2013; Durlu-Özkaya et al. 2005; Melvydas et al. 2007; Smaoui et al. 2010; Ström et al. 2002) .
Conclusions and future work
The study revealed the LAB strains exposing strong inhibiting effect against one or few microorganism. Several strains indicated enhanced antimicrobial activity against a whole complex of the indicator species. The most perspective because of their enhanced inhibiting activity against tested harmful and pathogenic microorganisms were selected Lactobacillus reuteri 3 and 7, Lactobacillus brevis 43, Lactobacillus acidophilus L 59-30, Lactobacillus acidophilus L 41-2B 2v, Lactobacillus delbrueckii subsp. bulgaricus 14, 3, 148/3 and R, Lactococcus lactis subsp. lactis 140/2, Lactococcus lactis subsp. lactis biovar. diacetylactis 57 and 768/5. All the candidate strains (marked in bold in the Tables 3, 4 and 5) have high potential in practical application as novel strains with enhanced antibacterial and antifungal activity. The frequency of strains superior in food preserving capacity was remarkably higher among the representatives of Lactobacillus spp. (2/3). Lactobacilus spp. induced the more intense acidification of supernatant, which greatly influenced activity against the tested microorganisms. Lb. brevis 43, Lb. reuteri 3 and 7, Lb. acidophilus L 59-30 7 and 41-2B 2v retained the antagonistic effect against L. monocytogenes after CFN was catalasetreated. No one S. thermophillus strain demonstrated enhanced food preservation ability against any of the indicator microorganism. S. thermophilus inhibited growth of grampositive bacteria as reported previously (Mezaini and Bouras 2013) . However, here analyzed S. thermophilus strains had shown neither high antifungal nor antibacterial activity against gram-negative bacteria. Tadesse et al. (2008) had pointed out that Lactobacillus spp. inhibited bacterial growth better than the Streptococcal spp. These researchers also reported that Lactobacillus spp. formed larger inhibition zones than Leuconostoc, Streptococcus and Pediococcus spp.
The results demonstrated a big influence of genus and species on the potential in selection for LAB with enhanced antibacterial and antifungal activities without any observation of significant impact determined by the intraspecific genotypic relatedness revealed by (GTG)5-PCR fingerprinting on the inhibiting effect against the tested isolates of bacteria and fungi.
Future strategies need to incorporate selected LAB strains posing enhanced antimicrobial activity into in vivo approaches (meat, fish, bread) in order to successfully use of bacteriocinogenic cultures well adapted in the food environment. The changes of the antimicrobial activity of selected LAB under the influence of technological factors will be determined in order to confirm the food preserving capacity. The preliminary studies have already shown that selected LAB strains retain their enhanced antimicrobial activity during the heat and cold treatment. The LAB strains with stable antimicrobial properties will be used for the manufacture of the starters for fermented food products.
